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Abstract

Obesity is a global health concern characterized by excessive accumulation of body fat, leading to
adverse metabolic and cardiovascular outcomes. Lifestyle changes, such as altering diet and increasing
physical activity, are key strategies for managing obesity. Additionally, caffeine has been proposed as a
useful tool for weight loss and weight maintenance. Caffeine, a naturally occurring stimulant found in
coffee, tea, and various beverages, has been investigated for its potential effects on metabolism and
energy balance. These elements are believed to counteract the reduction in metabolic rate that happens
during weight loss and may increase energy expenditure. Through thermogenesis, fat oxidation,
caffeine can improves weight maintenance and sparing fat free mass. This article offers a thorough
overview of the mechanisms by which caffeine affects obesity regulation, based on evidence from both
preclinical and clinical studies. It also explores the role of caffeine consumption as part of a
comprehensive strategy for managing obesity. By elucidating the mechanisms of action and
summarizing the current evidence, this article aims to contribute to the understanding of caffeine's
potential role in combating the obesity epidemic.

Keywords: Caffeine, obesity, thermogenesis, lipolysis, appetite suppression, energy expenditure,
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Introduction

In a growing number of countries, the threat posed by overweight and obesity to population
health is on the rise ", An imbalance between energy expenditure and consumption is the
primary cause of obesity (EE) 2. To lose weight, there must be a negative energy balance,
which can be reached by cutting back on intake or raising expenditure > 4. There is
significant interest in using natural herbal nutrients, such as green tea and caffeine, to
stimulate energy expenditure (EE) or prevent its decline during dieting. The primary markets
for green tea are China, Japan, and several countries in the Middle East and North Africa >
6, Tea is made from the leaves of the Camellia sinensis L. plant; the unoxidized and
unfermented form is known as green tea (GT. Green tea contains significant amounts of
polyphenolic compounds, with epicatechin, epicatechin gallate, epigallocatechin, and
epigallocatechin gallate being the most abundant and potentially the most pharmacologically
active "1, Additionally, green tea includes caffeine, which has been shown to possess
thermogenic properties and promote fat burning in vitro, partly through activation of the
sympathetic nervous system 8!, Caffeine has been shown to enhance human fat oxidation and
thermogenesis P!, It has been found that GT extracts, which contain catechin polyphenols
and caffeine, affect EE and body weight [7-12 131, The discovery that green tea (GT) stimulates
thermogenesis cannot be solely attributed to its caffeine content. The thermogenic effect of
GT extract, which includes both caffeine and catechin-polyphenols, is greater than that of an
equivalent amount of caffeine alone ['*,

Evidence from brief trials about the effectiveness of green tea and caffeine

Green tea

In a brief human trial, participants ingested capsules three times a day on three separate days.
These capsules contained either 90/50 mg of epigallocatechin gallate plus caffeine
(EGCG/caffeine), 50 mg of caffeine, or a placebo %,
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Compared to the placebo and caffeine alone, treatment with
the green tea extract significantly increased 24-hour energy
expenditure (EE) by 4% (328 kJ) and fat oxidation. This
suggests that green tea has thermogenic properties beyond
those explained by its caffeine content alone !4, Rudelle et
al 151 A similar trial involved participants drinking three 250
ml portions of a thermogenic beverage per day for three
days. Each portion contained 100 mg of caffeine and 94 mg
of EGCG. After consuming the beverage, there was a
notable increase in 24-hour energy expenditure (EE) of
4.6% (445.2 kJ). 15, After consuming a beverage containing
161 mg of caffeine and 156 mg of EGCG, Komatsu et al.
observed a 4% increase in energy expenditure (EE) over 2
hours, amounting to 49.5 kJ 6], By measuring the subject's
24-hour energy expenditure with respiratory chambers and
administering various doses of green tea, these observations
were verified 7). These 24-hour studies involved 10-24
participants, including both Caucasian and Asian males and
females aged 18-60 years. Their BMI ranged from 21 to 35
kg/m?, and they had a habitual caffeine intake of 100-300
mg per day. Following a 24-hour increase in energy
expenditure (EE) of 4-8% and enhanced fat oxidation of 3.5-
9.9%, subjects consumed a green tea/caffeine mixture
containing between 270-1200 mg of green tea and 100-161
mg of caffeine. However, a recent 13.5-hour study involving
15 male Caucasian volunteers, aged 24, with a BMI of 22.4
kg/m?, and who typically drank 250 mg of coffee daily, only
showed a modest 2.3% increase in EE and fat oxidation
after consuming 645 mg of green tea and 150 mg of caffeine
8] It's possible that the effect may develop over 24 hours
and that the trial duration was too short to capture the full
impact.

Caffeine

Normal-weight participants consumed the same meal, but
when caffeinated coffee (8 mg/kg body weight) was added,
they showed a higher thermic impact during 3 hours "9,
Furthermore, compared to decaffeinated coffee, the energy
expenditure during 2 hours increased by 16% while using
100 mg of caffeine %I, After consuming 100, 200, or 400
mg of caffeine orally, individuals with a daily caffeine
intake of less than 200 mg experienced a dose-dependent
increase in thermogenesis that lasted for over three hours
191 In a study with twenty female participants (10 slender
and 10 obese), those given 4 mg/kg of caffeine five times a
day experienced increased thermogenesis. However, the
increase was smaller in obese participants (4.9+2.0%)
compared to slender participants (7.6x1.3%). The
thermogenic effect of caffeine persisted throughout the
night, suggesting a potential long-term impact '],

Tahe effectiveness of green tea and caffeine

3.1 In a study involving 70 overweight Caucasian
participants, divided into four groups based on body weight,
waist circumference decreased by 4.5% and body weight by
4.6% after three months "2, Findings indicating that Asian
individuals experienced reductions in body fat and body fat
indices after taking 400-700 mg of tea catechins daily for 12
weeks support this conclusion 2!2%- 27 It was demonstrated
that consuming a 350 ml tea beverage containing 592.2 mg
of catechins daily for 12 weeks led to increases in energy
expenditure and dietary fat oxidation. Additionally, a recent
study with Asian participants found that drinking 340 ml of
tea with 576 mg of catechins daily for 24 weeks reduced
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waist circumference and body fat ratio compared to the
control group, which consumed 340 ml of tea with only 75
mg of catechins. In a study with 104 Caucasian overweight
or moderately obese volunteers, it was shown that after a
four-week very low-energy diet (2.1 MlJ/day), during a
thirteen-week weight maintenance period, subjects who
were given green tea (104/573 mg per day) or a placebo. 2%,
There was no significant difference in the rate of body
weight regain or the amount of weight gained between the
green tea and placebo groups. However, post hoc analysis
revealed that body weight maintenance after weight
reduction was notably better in individuals who habitually
consumed high levels of caffeine. Specifically, 16% of those
who habitually consumed low caffeine and 39% of those
who habitually consumed high caffeine experienced body
weight recovery, highlighting the impact of habitual caffeine
consumption on weight maintenance >, Subsequent studies
confirmed that consistently consuming high doses of
caffeine was associated with significantly greater weight
loss (6.7 kg vs. 5.1 kg) as well as higher levels of
thermogenesis and fat burning. Conversely, regularly
ingesting low amounts of caffeine was linked to better
weight maintenance among green tea consumers, suggesting
increased fat combustion and thermal activity . Therefore,
consistent caffeine consumption may influence the effects of
drinking green tea. ©%. In a different trial, 46 female
Caucasian subjects on a low-energy diet were given either a
placebo or green tea (225/1125 mg of caffeine and catechins
daily) as a supplement for 12 weeks. Caffeine consumption
was maintained at 300 mg per day, and idle energy
expenditure was measured. The study found that the
association between fat mass and fat-free mass did not show
a significant decline over time when green tea was
consumed, without accounting for frequent caffeine
consumption B!, Fortunately, the study did not suggest that
the rates of body weight loss between the green tea and
placebo groups were significantly different '), In this case,
a moderate caffeine intake may have rendered the green tea
supplement useless 9. In long-term weight-loss research
involving Asian obese patients, the group consuming a
green tea mixture (100 mg EGCG and 87 mg caffeine daily)
lost significantly more weight after one year compared to
the placebo group (2.7 kg vs. 2.0 kg). Both groups received
the same standardized meals throughout the study.
Additionally, after a 12-week course of green tea
supplementation, there was a notable increase in resting
energy expenditure (REE), which contributed to a reduction
in body weight *?. In a trial conducted by Hsu et al., 78
Asian obese women were divided into two groups: one
received a placebo, while the other was given green tea (491
mg catechins, 302 mg EGCG). After three months of
treatment, there was no significant difference between the
two groups, with the green tea group gaining only 0.15 kg.
1331, According to a recent study by Wang et al., over 13
weeks, 139 Asian overweight patients who consumed a
green tea catechin mixture lost more weight and had less
body fat than 43 participants who received a placebo 4
Drinking green tea mixtures is strongly associated with fat
loss and helps prevent weight regain, with an average
reduction of 1.3 kg, as highlighted by most studies on their
benefits for fat reduction and weight maintenance after
weight loss, such as the analyses previously mentioned.
Variations in findings were influenced by factors like
caffeine consumption and ethnicity, which may impact the
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outcomes of different studies 3. That analysis led to the
conclusion that a combination of green tea catechin and
caffeine is a promising bodyweight regulating agent 31,
Included are the following study details: length (12-24
weeks), sample size (25-182 individuals), and BMI (18.5-35
kg m-—2). Physiology & Behavior 100 (2010) / M.S.
Westerterp-Plantenga 42-46 43 Green tea and caffeine
intake, respectively, 270-1207 mg/day and 75-237 mg/day,
in participants ranging in age from 18 to 69 3\ In obese
patients, longer-term weight reduction was not greater when
caffeine was consumed compared to a placebo, despite the
fact that caffeine appears to improve thermogenesis in the
short term [ 37, The study's findings indicate that
individuals with consistently high caffeine intake (over 300
mg/day) who consumed the green tea-caffeine combination
did not show greater strength retention after weight loss
compared to a high-caffeine group receiving a placebo. This
suggests that the body's response to caffeine may diminish
over time. Y. Caffeine ingestion (300 mg) showed to
decrease energy intake (by 22%) in men (but not in women)
1361 Additionally, it was demonstrated that daily caffeine
consumption and satiety were positively correlated in both
men and women 3%, The impact of caffeine on long-term
weight change was investigated by Lopez-Garcia ef al. in a
prospectiv research. Within their group, the researchers
discovered that those who consumed more caffeine during a
12-year period acquired less weight than those who
consumed less %, Caffeine may therefore affect energy
intake as well as energy expenditure.

Mechanism of actions

Green tea's catechins prevent the breakdown of catecholic
substances like norepinephrine (NE) by inhibiting the
enzyme catechol Omethyltransferase (COMT), which is
found in practically all tissues ['> 39, COMT reduces water
solubility by introducing a methyl group, which occurs
through the action of sulphur ions and glucose conversion,
facilitating its excretion via urine and bile . Because NE
binds to B-adrenoceptors and increases energy expenditure
and fat oxidation, it cannot be destroyed by inhibiting
COMT, which means that NE will constantly stimulate the
sympathetic nervous system (SNS) %411 Although the SNS
is crucial for maintaining energy homeostasis, not all ethnic
groups exhibit the behavior mentioned above in the same
way. Research involving Asian participants appears to yield
more favorable outcomes in comparison to studies with
Caucasian participants. This could result in variations in the
sensitivity to certain compounds due to variations in the
appropriate enzyme activity. Regarding that, Hodgson et al
421 claimed that the flavonoid O-methylation process, which
is a key step of flavonoid metabolism and is regulated by the
enzyme COMT, varies greatly. There could be a three-fold
variation in the inter-individual variability in COMT
activity. Furthermore, data suggests that the activity of the
COMT enzyme varies throughout ethnic groups [43]. The
thermostable, high activity enzyme, COMTH allele (Val/Val
polymorphism), is more common in Asian populations than
in Caucasian cultures. The thermolabile, low activity
enzyme COMTL allele (Met/Met polymorphism) is more
common in Caucasian cultures . This could account for
variations 1in the sensitivity to green tea caffeine
combination interventions as well as the lack of impact
observed after consuming green tea in some investigations
with Caucasian participants. The higher consumption of
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dairy proteins among Caucasians could be another reason. It
has been proposed that a protein-polyphenol combination
that is resistant to gastric degradation forms in the upper
portion of the digestive system causes a decrease in
absorption ¥, Because green tea contains caffeine as well,
its effects will also occur after consuming green tea.
Because it inhibits the enzyme phosphodiesterase, caffeine
has an impact on thermogenesis. Intracellular cyclic amino
monophosphate (cAMP) is broken down by this enzyme !,
Caffeine boosts cCAMP levels, stimulates the central nervous
system, and activates hormone-sensitive lipase (HSL),
which promotes lipolysis when active. cAMP plays a critical
role in initiating lipolysis and enhancing sympathetic
nervous system (SNS) activity by activating protein kinase
A. 1 Besides inhibiting phosphodiesterase, caffeine
influences thermogenesis through substrate cycles like the
free fatty acid (FFA)-triglyceride cycle and the Cori cycle.
As a methylxanthine, caffeine exhibits thermogenic
properties. During the Cori cycle, lactate is transported from
tissues to the liver, where it is converted by lactate
dehydrogenase into pyruvate. Pyruvate is then transformed
into glucose, which is carried back to the tissues via the
bloodstream. “%#!l It has been demonstrated by Acheson et
al. that caffeine ingestion increases both FFA turnover and
lipid oxidation, but that a minor increase in lipid oxidation
necessitates a higher FFA turnover rate. There is a higher
increase in nonoxidative lipid turnover—that is,
triacylglycerol  hydrolysis and reesterification—than
oxidative lipid disposal. They discovered that caffeine
counteracts adenosine's lipolysis-inhibiting actions via
activating adenylyl cyclase.

Sarcoplasmic reticulums. The pathway in muscle tissues
responsible for delivering calcium ions, which supports
processes such as ATP turnover and glycolysis after
stimulation, acts antagonistically to the ryanodine receptor.
This suggests that non-adrenergic thermogenic mechanisms
may also contribute to these effects. “. Two enzymes that
block the norepinephrine-activated thermogenesis pathway
are inhibited by catechins and caffeine !, Norepinephrine
(NE) concentration regulates sympathetic nervous system
(SNS) activity, with higher NE levels leading to increased
energy expenditure. The metabolic rate during rest, which
accounts for most of regular energy utilization, is influenced
by SNS activity. NE facilitates ion pumping and substrate
cycling, boosting ATP  consumption.  Enhanced
thermogenesis, driven by inefficient ATP production and
heat generation, is also affected by the rate of mitochondrial
oxidation. Furthermore, catechins directly impact the
expression of uncoupling proteins (UCPs), which regulate
thermogenesis by generating heat. Caffeine, by inhibiting
phosphodiesterase, increases cAMP levels, which activate
protein kinase A. This activation promotes the expression of
UCP genes and facilitates the conversion of triglycerides
into free fatty acids, further increasing UCP activity and
contributing to thermogenesis 4341 Since Dulloo et al.
shown that supplementing with green tea increased fat
oxidation, there is a change in substrate oxidation that
coincides with the rise in energy expenditure. The tea
catechins initiate an additional mechanism wherein they
impede the phosphorylation of IxB, hence blocking the
activation of nuclear factor-x B (NFkB) [3%9 The
transcription factor NFkB, which is sensitive to oxidative
stress, regulates the expression of numerous genes
associated with processes like cellular growth and
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inflammation. However, NF«B loses its ability to inhibit
peroxisome proliferator-activated receptors (PPARs), which
are key genetic factors in fat metabolism. This leads to an
upregulation of mRNA expression for lipid-metabolizing
enzymes, such as medium-chain acyl-CoA dehydrogenase
(MCAD) and acyl-CoA oxidase (ACO).

https://www.biologyjournal.net

MCAD is a liver-resident mitochondrial B-oxidation
enzyme, and ACO is a peroxisomal B-oxidation enzyme.
The increased expression of these lipid-metabolizing
enzymes suggests that the supplementation of tea catechins
enhances [-oxidation activation, which is subsequently
followed by an increase in fat oxidation B!,
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Fig 1: Effect of green tea on obesitys

Obesity and receptive nervous system stimulation

Enzyme that breaks down norepinephrine (NE), promote
thermogenesis by preventing the phosphodiesterase-induced
breakdown of cAMP. Furthermore, the development of
overweight and obesity may be prevented by the anti-
angiogenic properties of tea catechins 44 M.S. Westerterp-
Plantenga / Physiology & Behavior 100 (2010) 42-46. In
order to maintain energy homeostasis through hormonal and
neurological regulation, the sympathetic nervous system
(SNS) is thought to be a crucial part of the autonomic
nervous system. As a complex regulatory system, the SNS is
influenced by the sympathetic nervous system, which
supplies the majority of body tissues, as well as
catecholamines, NE, and, to a lesser extent, adrenal
medulla-released catecholamines, which have an indirect
effect on the Numerous studies and a meta-analysis have
shown evidence for the use of green tea and caffeine to
regulate body weight B% 31, Both caffeine and green tea's
catechins, which block catechol O-methyl-transferase
(COMT), a body's tissues, realize that the sympathetic
nervous system (SNS) selectively activates certain body
tissues or systems in a given condition, either without
affecting or even inhibiting other areas. This is significant
because the SNS does not consistently stimulate all
connective tissues that are innervated by sensory nerves. It
should be understood, then, that the NE turnover as well as
alterations in the electrophysiological activity of the efferent
neurons innervating brown fat, muscle, or kidney that are
specific to those tissues 1% 4. A crucial component of
maintaining body weight is thought to involve sympathetic
activity to the effector organs of metabolism. The outcomes
suggest controlled metabolism in addition to the
thermogenic symptomize-induced modifications to the
energy balance through increases in EE are examples of
thermogenic effects. The majority of daily EE, or resting EE
(resting metabolic rate assessed following an overnight fast),
has been demonstrated to be modulated by SNS activity,
which is governed by NE concentrations. Given that NE can
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enhance ATP utilization via ion pumping and substrate
cycling, or accelerate mitochondrial oxidation with
inadequate ATP synthesis coupling, resulting in heightened
heat generation, it is hypothesized that the SNS plays a role
in thermogenesis, in-fact, research on humans has shown
that when NE or epinephrin were infused, there was a
considerable increase in thermogenesis as determined by
whole body calorimetry. It has been demonstrated that B1-,
B2-, and P3-receptors work together to mediate the
thermogenic response to catecholamines. Numerous
methods have been used to measure the activity of the SNS,
including muscular sympathetic nerve activity, urine
catecholamine excretion, plasma catecholamine levels, and
catecholamine turnover ™. In the cardiac and brown
adipose tissues of non-human animals, SNS activation
seems to be a key component of the counter-regulatory
response to overeating. This suggests that SNS sensitivity to
positive energy balance is crucial in managing overfeeding.
By increasing thermogenesis, SNS activation compensates
for excess energy intake by converting it into heat and
dissipating it. Preventing weight gain in the body is the
outcome. Additionally, rather than the SNS being
suppressed, human obesity is associated with SNS
activation. Overall sympathetic activity is indicated by the
total body NE spillover rate, which is usually normal in
human obesity. Renal NE spillover, a sign of about doubled
renal sympathetic activity, is observed in contrast to
decreased cardiac sympathetic activity . SNS activity
appears to be negatively affected primarily in cases of
negative energy balance. Reduced sympathetic nerve
activity in resting muscles—a marker of diminished SNS
activity—has been associated with lower energy expenditure
(EE) in individuals prone to obesity, contributing to weight
gain and the development of obesity. Additionally, a
negative energy balance was linked to a decrease in muscle
sympathetic activity, which lowers resting EE and increases
survival. Additionally, a negative energy balance was linked
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to a higher rate of lipolysis in adipose tissue in response to
catecholamines ™1,

Administration of green tea and caffeine safely

It seems that caffeine is a safe thermogenic weight-loss
agent. The short-term fatal dose of caffeine in adults is
thought to be 5-10 g per day (orally or intravenously), which
is equal to 200 cola drinks, 125 cups of tea, or 75 cups of
coffee 132!, Caffeine consumption over an extended period of
time may have some mild negative consequences on human
health. Following 100 and 200 mg of caffeine, Astrup et al.
found only minor and negligible increases in blood pressure
and heart rate. On the other hand, 400 mg of caffeine
markedly raised blood pressure on both the systolic and
diastolic levels, with an average increase of 6.3 mm Hg.
Additionally, compared to placebo, a considerably higher
number of participants experienced adverse symptoms such
as palpitations, anxiety, headaches, restlessness, and
dizziness after consuming 400 mg of caffeine [!%. Robertson
et al. 3% administered oral caffeine (250 mg) to nine
volunteers who had never had coffee. One hour after
consuming coffee, there was a 10 mm Hg increase in
systolic blood pressure. After the first hour, heart rate
decreased, and after two hours, it increased above baseline.
However, after 1-4 days, tolerance to the long-term effects
of caffeine consumption (150 mg/day for 7 days) was
observed in a follow-up study %34, Consequently, no long-
term impact of caffeine on heart rate, blood pressure, or
plasma renin activity was demonstrated. Additionally, in the
near future, Bracco et al "', Found that when 4 mg of
coffee per kg of body weight was taken five times a day,
there was no discernible change in heart rate during the day.
Caffeine consumption appears to be harmless so far.

Green tea is thought to be harmless and has been consumed
extensively for many years in China and Japan. A little rise
in blood pressure has been observed by BerubeParent et al.
as a potential adverse consequence of consuming green tea
7 They found that the 24-hour diastolic blood pressure
increased significantly (5 mm Hg) but the 24-hour systolic
blood pressure increased nonsignificantly (7 mm Hg). There
was no rise in heart rate observed 1. Since green tea had no
effect on heart rate, diastolic blood pressure, or systolic
blood pressure in other short-term studies, it may be
appropriate to ignore this slight short-term elevation in
blood pressure "3 or extended study "' 2331, Green tea and
caffeine together can support obesity management by
increasing energy expenditure and mitigating the decrease in
metabolic rate that often accompanies weight loss. Catechol
O-methyl-transferase and phosphodiesterase are inhibited by
green tea, which contains caffeine and tea catechins; both
mechanisms may work in concert. A blend of green tea and
caffeine enhances fat oxidation, thermogenesis, and the
preservation of fat-free mass to help with weight
maintenance. Green tea and caffeine together are still
regarded as reasonably safe. Thermogenic components
might be viewed as useful agents that could aid in the
prevention of obesity and a positive energy balance. A
multidisciplinary approach is necessary to study the
bioavailability and bioactivity of catechin, caffeine, and
their combinations. Such research should examine the
influence of genetic background, related enzyme activities,
interactions with nutrient absorption, and potential
habituation from regular consumption.
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Future Scope

The future scope of research into the role of caffeine in
obesity regulation holds significant potential. Expanding our
knowledge of the underlying mechanisms, optimizing its use
in combination therapies, and exploring personalized
approaches will be crucial in translating these findings into
effective treatments for obesity. Additionally, understanding
the broader behavioral, social, and safety implications will
help integrate caffeine-based strategies into public health
efforts and clinical practice.
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